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Fig. 1 Calculated pressure profiles of the shock wave in Ar driven by
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Fig. 6 Comparison of the shock thickness with experimental
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dynamics simulation, open circles:experimental data by
Schmidt'”, upward triangles:experimental data by Rob-
ben and Talbot', downward triangles:experimental
data by Camac'’, squares:experimental data by Russell
¥ crosses:experimental data by Linzer and Hornig®
Solid curve:calculated by the bimodal model?®’ chain
curve:calculated by using the Navier—Stokes equa-

tions'’

o= (pr—p) (%)-1 )]

MROKIC L » THE, EH7e 7 448 LTH
BargEmsng, HRF—-s%2 751 vBERx
Y74 9F4770LT (4) RICE->THEIERDI:
N, 74 274 v 7ORER/BEA (£13%) T-Th
DERICLHAFESLHEV I—FK L,

BREOM X2, FIREIZLABEELIzHS BiF
ROBEEORHEOWE,I LR THHES ®
BTE— 20BN CEEELRETHHEY S
L) ELDRBHZICL > TREEN T3, BEE
M RECTHREOM I LI R EETBIL, 2he
DHBIVThLEBROHEET ciibh Tk, §E
DOP1=1.05MPa T > i av—v 3 »OEREIZH
BOREIHES, L LA HRE O S i28)
FoORLABTRIZEMATH EFE2 bR 50T, B
IXBIRB OIS & FHE BT TR L TRRM L
Hipfio k@A Sh T 5, & TRARTERS
haNBRBENH CORHABTEL BV TREM
EORBRET -1z,

kT

-ll—|=~/7xnm’0‘“’ (T) (5)

ST RS COREE, 0 %P (T/e)

—234—

LR8I CT 1 =300KDArO B & 1212 £ D ffiizl.
093 CH5B, SEDY { av— 5 vOBE, (5) R
M HERDIFREWNH OFEE HTEIL5.40nmTH
»72, FHEOTRTHRBL LA & HEiliok
GXE6 IR T, RRENEEIC LS5 Y +20K
VA, SEDY i av—Y 5 YORBIEREOH
EHECHOHE (Robben®$', Schmidt'® S X
BBFE—2DRBED HRDONLBIBHD) 128K,
Yiab—vy vORBERIEBEREZEIHTELT:
53LtE2LMS,

B 6 t—ixNavier — Stokes® X1z X 5§+ H{f " &
Bimodal ® ¥ LIz L BB R TCRLTH 5,
Navier—Stokes® XD FHIESE RS TICHFT 3
& LIS M TH 0. Bimodale 7 4 Dt Fiffiix
FTHBEERE LCexp— 6 £7 v v AR HWT
#Bohl:ffitds, H<{IBEHEATV-B5L512
Navier —StokesD ff CI2 i\ FiBE Ci2 X DL I A
Wi &5, chicltl TBimodal® # 4 OfRIIZIE
AL —HKLTVBN, SEDY i av—v vk
Bz AR THTI RGBSR 52 TV 5,
ZD¥ i ab—, v eBimodale F A DR DR
Y B ST S B, FHREGR CORESHE
HOBMLRMALETH S,

Birdic X - THEfEh T2 L 512, 787,11
OEAXGRTERShHHREOHZ ((4) R) i

KRR



(p~p1)/(P2—py1)

o
rS
il

0.2+

0.0

-8

S —
-4 -2 0 4 8 8
Z/Al

-

Fig. 7 Comparison of the density profile at Ms=4. 4 obtained

by the molecular dynamic simulation (open circles) with
the experimental data at Ms= 4 obtained by Schmidt

% (solid curve).

AHETFAORYELEB LB FFTRAEVY O
T, SIRERNDO7 2 7 > 1 A ¥THEHE LI R YR
TomRT, T CERM (FH) & L TixSchmidto
BX (IR0 DEE6DF—2 (Ms=4) %FHAE
2 TA754 vIABTCHEMLIELADTH D, ek
ROV ab—2 g vIIMs=4.4DMETH Y, &
iD=y~ (Ms=4) IDEFREVH,
- Schmidt O FRERiZ LhiEMs=4 L 6 DS TH
BEL2:7 8 7 5 £ MK EIGR I, BRATE
AR HRDIE XY § 2 V=2 5 vORROFHM
b, BTH6HBMLL 5T, a7 .10 248
ORFILIERCR S —H LTV 5,

4. B B

Ktkh ¥ G AUTREN, P eGiihoReh
LHORFOEHLHRETHIFTFYNES v —
Y3 VI o TEDRERERBNTE 501 %
bz TAZE¥BRELT, 10X10x200nmD &
HPOS120BOArEHRETHZTFHAFEY { a
V= g v fFatz, cDLSBOhIBHORT
THoTH T BEERIch I 5RMEYE L5 &
XoT, BIREFEORE - ED - BELLORE
BAHREAE LY T =+ROMER—FKTE, &
REAREOF IR T e 7 » 4 A RBf & LA,
KELFHILL, ZOL5hTFHNE 2 v—
Y a VEGTF LA bERERBROARYENTS
DEHRATHDZ ENTREENS,

v R b v RREHE o ERR B A0 AR B 71 DIk
FHECHREE CORBEFHO L b Bl kN,
ERE» bHRE~DOEB OB ©Bimodal € F L

Kayaku Gakkaishi, Vol. 65, No. 6, 1994

BHOACLETHY, hLRSHBOTHE LTR
EhTuw3,
L S
ARRO—BLARTIEEFTEDH S OREH I
L HEEIhI, CtIitBHOTERT S,
X B’

1) H.W.Liepmann, R. Narasimha,and M. T.
Chahine, Phys. Fluid 5, 1313 (1962)

2) S.Chapman and T.G.Cowling, “The
mathematical theory of non—uniform gases”Cam-
bridge Univ. Press, London (1952)

3) C.Muckenfuss, Phys. Fluid 5, 1325 (1962)

4) G.A.Bird, Phys.Fluid 13, 1172 (1970)

5) D.H.Tsaiand S.F. Trevino, J. Chem. Phys. 81,
5636 (1984)

6) W.G.Hoover, Phys. Rev. Lett. 42, 1531 (1979)

7) E.Salomons and M. Mareschal, Phys. Rev. Lett.
69, 269 (1992)

8) Y.Kataoka, Bull. Chem. Soc. Jpn. 65, 2093 (1992)

9) M.Linzer and D. F. Hornig, Phys. Fluid 6, 1661

(1963)
10) B.Schmidt, J. Fluid Mech.39, 261 (1961)
11) M.Camac, “Rarefied Gas Dynamics, I” (Ed.de
Leeuw) Academic Press, New York (1965)
12) D.Russell, ibid
13) F.Shultz—Grunow and A. Frohn, ibid
14) F.Robben and L. Talbot, Phys. Fluid 9,
633 (1966)



Molecular dynamics simulation of shock waves in gas phase Ar

by M.KOSHI*, T.SAITO**, H.NAGOYA™***
H.MATSUI"* and K. TAKAYAMA***

Shock waves in gas phase Ar were investigated by means of the molecular dynamics
simulation. By using exp— 6 intermolecular potential, calculations were performed for 5120 Ar
atoms confined in a box of 10x10x200nm. Shock wave was generated by moving the end
wall to the z—axis direction and velocities of each atoms in front of the wall were calculated.
Temperature, pressure and density were estimated as a function of distance by averaging
appropriate quantities in very thin cells. These properties at the thermal equilibrium behind
shock waves were in good agreement with the values obtained from Hugoniot relations.
Density profiles and its thickness at the shock front agreed well with the experimental data.
In spite of very small numbers of Ar atoms in a very small sampling volume, the
macroscopic quantities behind shock waves could be evaluated well by the present
molecular dynamics simulations. It was also shown that the molecular dynamics simulation
provided the useful tools for the understanding of the shock wave structure on the basis of
microscopic intermolecular interactions.
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